LHR (late high response) peas are similar to L (late) peas under long days but their flowering node is delayed to a much larger extent by short days. The LHR phenotype is conferred by dominant Hr in combination with Sn. Addition of E returns flower initiation to the early region (phenotype El-early initiating). Since U is epistatic toE, genotype LJE Sn Hr is also expected to be LHR. (Murfet, 1971a). In a second paper in this series (Murfet, 1971b) three distinct phenotypic classes-ED (early developing), El (early initiating) and L (late)---were subjected to genetic analysis and it was shown that three dominant major genes S, E and 2 determine between-class variation and also contribute substantially to within-class variation by combination and dosage effects. It was suggested that the historic symbols Lf and Sn be used in place of S1 and 2 respectively and Lf and Sn are used in the redefined sense here. A third paper (Murfet, 197lc) dealt with the possible physiological action of these genes. It was suggested that Sn produces a flower inhibitor in the cotyledons and shoot, that E lowers the level of this inhibitor in the cotyledons and Lf increases the sensitivity of the apex to inhibitor.
INTRODUCTION
AT least six different phenotypic classes with respect to flowering behaviour may be recognised in Pisum by recording both node of first initiated flower and time of open flower under appropriate conditions of daylength (Murfet, 1971a) . In a second paper in this series (Murfet, 1971b) three distinct phenotypic classes-ED (early developing), El (early initiating) and L (late)---were subjected to genetic analysis and it was shown that three dominant major genes S, E and 2 determine between-class variation and also contribute substantially to within-class variation by combination and dosage effects. It was suggested that the historic symbols Lf and Sn be used in place of S1 and 2 respectively and Lf and Sn are used in the redefined sense here. A third paper (Murfet, 197lc) dealt with the possible physiological action of these genes. It was suggested that Sn produces a flower inhibitor in the cotyledons and shoot, that E lowers the level of this inhibitor in the cotyledons and Lf increases the sensitivity of the apex to inhibitor.
A fourth phenotypic class, LHR (late high response), is now brought into the genetic analysis and it is shown that a fourth dominant major gene Hr will confer the ability to show a very large response to short day treatment given certain combinations of the other genes.
MATERIALS AND METHODS
ED, El and L plants may be distinguished under a photoperiod of 8 hours by recording the node at which the first flower bud is initiated and the time of first open flower. The classes are usually fully discrete under these conditions. ED plants flower early in node and time. El plants initiate at an early node but because the development of the lower flower buds is either aborted or severely retarded under short days, flowering time is late. L plants flower late in node and time. LHR plants are indistinguishable from L plants under long days but their flowering is delayed to a much greater extent by short days. For example short days usually delay L plants by about 6-10 nodes but a response of 25-50 nodes is usual in LHR plants. Further information on this system of phenotypic classification, which is based on the behaviour of standard varieties, and other information on growing conditions and scoring methods not covered below may be found in Murfet (1971 a).
Parents, F1 and other controls were grown in randomsed blocks amongst the F2. Data on flowering node and time were recorded only from main shoots. Node number is counted from the first scale leaf as one. Laterals, which have a tendency to grow from the lower nodes under short days, were regularly excised. Lateral branches also tend to grow from the higher nodes of LHR plants as they approach flowering. These were also excised in most cases but were sometimes allowed to grow when it was clear that flowers were already initiated on the main shoot. LHR plants may take over 7 months to complete their life-cycle and with 70-80 internodes even genetically dwarf (short internode length) plants may attain a height of over 2 metres. The cans containing these large plants were placed sufficiently far apart to allow light to reach the basal region and under these conditions even the lowest leaves remained green and healthy until well into the flowering phase. A new type appeared in F with the phenotype described above as LHR.
To explain these results a fourth major gene Hr, in addition to genes Lf, E and Sn, is proposed to operate as follows. Hr by itself has little or no effect so that an expected ratio of4 ED:3 L:9 LHR (x 1.56).
(ii) Linkage of Hr and M The Cross 132 data permit us to test the joint segregation of Sn and Hr with marker genes A (anthocyanin pigmentation) and M (marbling pattern on the testa) subject to the restrictions at the foot of table 2. Segregation for Sn, often obscured in long days, can be followed in Cross 132 F2 because of the very marked bimodality of the continuous distribution. sn plants were taken as flowering at node 13 or earlier. Individual segregation data for A, M, Sn and Hr are all normal. Sn was shown previously to segregate freely 54.52*** 33%±23%
The segregation of Hr/Fir could only be followed in Sn plants under short days and the segregation of Mim could only be followed in A plants. ***P< 0.001. with A, I, Cy1, V, P and R (Murfet, 1971b) , and M may now be added to the list. Hr showed free recombination with A but tight linkage with M (RCV 3 per cent.) and is therefore in linkage group III (groups after Lamprecht, 1961 The influence of temperature was not deliberately studied in the present work but it became apparent that even under 8-hour short days cooler night temperatures (e.g. 12° C.) may cause the LHR plants to flower earlier and intergrade with the L class. This effect is illustrated in table I by samples of the same pure LHR progeny grown at night temperature I 1°-14° C. (row 8) and night temperature 15°-18° C. (row 9). The lowest of these temperatures is still well above those used in vernalisation studies. We have maintained LHR plants under 8-hour short days with 18° C. nights for as long as 4 months, but the plants have remained vegetative until transferred to long days (over 70 nodes have been laid down by this time), suggesting that at warmer temperatures LHR plants may have an obligate long-day requirement for flowering. 
Discussior
Fiowering has been considered to be under polygenic or largely polygenic control by some workers (e.g. Rowiands, 1964; Watts et al., 1970) . Certainly under typical temperate field conditions of long days and cool nights flowering variation is often quantitative with little hint of underlying Mendeiian genes. However, by choosing appropriate environmental conditions to expose segregation, taking account of more than one aspect of gene expression and following crosses for a number of generations, it has proved possible to FLOWERING INPISUM 163 recognise and isolate four major genes controlling flowering (three have been located). The present investigations also indicate the occurrence of polygenic systems (Murfet, 1971b) The possibility of a fifth locus is raised by the work of Marx (1968 Marx ( , 1969 There is evidence (Murfet, 1971b, c) (Haupt, 1969 
